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METHOD FOR DETECTING A SHORTED PRINTHEAD 
IN A PRINTER HAVING AT LEAST TWO PRINTHEADS 

TECHNICAL FIELD 

5 The present invention relates generally to printing, and more particularly 

to a method for detecting a shorted printhead in a printer having at least two printheads. 

BACKGROUND OF THE INVENTION 

Printers include, without limitation, computer printers, copiers, and 

10 facsimile machines. Some printers, such as inkjet printers, print by printing closely- 
spaced ink dots on a print medium such as paper. Conventional inkjet printers include 
those having a carrier with two (or more) printheads such as a color printhead and a 
mono or a photo printhead. Typically, a color printhead prints cyan, magenta and 
yellow dots, a mono printhead prints black dots, and a photo printhead prints black, cyan 

15 and magenta dots. In one known design, the two (or more) printheads are coupled in 
parallel to the output of a voltage source such as the output of a printhead regulator 
(power adapter) to which a capacitance load has also been coupled in parallel. In 
normal operation, the regulator keeps the capacitor charged, and the printheads pull 
energy from the capacitor. A perfect printhead would have an infinite electrical 

20 resistance, and hence have no leakage current in a quiescent state. Actual printheads 
experience some leakage current in a quiescent state. A predetermined maximum 
leakage current is determined which indicates that the printhead is a shorted printhead 
and should be replaced. 

Conventional methods for detecting a shorted printhead in a two 

25 printhead inkjet printer include detecting the current on the ground-return of the power 
adaptor and indicating a shorted printhead when the leakage current exceeds the 
predetermined maximum leakage current for a printhead. However, this method can 
indicate there is a shorted printhead in the two printhead inkjet printer when individual 
testing of each printhead would indicate each printhead is not a shorted printhead 

30 because the quiescent resistance of two printheads in parallel is less than the quiescent 

resistance of one printhead with the other printhead removed from the printer. This 

method can lead to confusion and cause a user to discard two good printheads or discard 

a good printhead and keep a shorted printhead. 

-1- 

Express Mail Label No.: EU3 1 8633307US 


2002-0460 

What is needed is an improved method for detecting a shorted printhead 
in a printer having at least two printheads. 

SUMMARY OF THE INVENTION 
5 One method of the invention is for detecting at least one possibly shorted 

printhead in a printer having N printheads in parallel which are supplied a voltage from 
the output of a voltage source. This method includes steps a) through g). Step a) 
includes obtaining a calibration resistor having a resistance which, when placed in 
parallel to the voltage source, is equivalent to a predetermined maximum leakage 

10 current of a single non-shorted printhead in a quiescent state. Step b) includes placing 
the calibration resistor and a capacitance load in parallel across the output of the voltage 
source to define a first circuit. Step c) includes, with the N printheads electrically 
isolated from the first circuit, determining a first decay time for the first-circuit voltage 
across the capacitance load to reach a second voltage from a first voltage after the 

15 voltage source is disconnected from the first circuit. Step d) includes determining a 
second decay time which is shorter than the first decay time. Step e) includes placing 
the N printheads and the capacitance load in parallel across the output of the voltage 
source to define a second circuit. Step f) includes, with the calibration resistor 
electrically isolated from the second circuit and with the N printheads in a quiescent 

20 state, determining the second-circuit voltage across the capacitance load at the second 
decay time after the voltage source is disconnected from the second circuit. Step g) 
includes indicating at least one possibly shorted printhead of the N printheads when the 
second-circuit voltage at the second decay time is less than the second voltage. In one 
extension of this method, if step g) indicated at least one possibly shorted printhead, 

25 there are also included the steps of testing one printhead at a time with the other 

printheads removed from the printer and indicating that the one printhead is a shorted 
printhead if the voltage at the first decay time is less than the second voltage. 

Another method of the invention is for detecting at least one possibly 
shorted printhead in a printer having N printheads in parallel which are supplied a 

30 voltage from the output of a voltage source. This method includes steps a) through g). 
Step a) includes obtaining a calibration resistor having a resistance which, when placed 
in parallel to the voltage source, is equivalent to a predetermined maximum leakage 
current of a single non-shorted printhead in a quiescent state. Step b) includes placing 

Express Mail Label No.: EU318633307US 


2002-0460 


the calibration resistor and a capacitance load in parallel across the output of the voltage 
source to define a first circuit. Step c) includes, with the N printheads electrically 
isolated from the first circuit, determining a first decay time for the first-circuit voltage 
across the capacitance load to reach a second voltage from a first voltage after the 
5 voltage source is disconnected from the first circuit. Step d) includes determining a 
third voltage which is less than the second voltage. Step e) includes placing the N 
printheads and the capacitance load in parallel across the output of the voltage source to 
define a second circuit. Step f) includes, with the calibration resistor electrically 
isolated from the second circuit and with the N printheads in a quiescent state, 

10 determining the second-circuit voltage across the capacitance load at the first decay time 
after the voltage source is disconnected from the second circuit. Step g) includes 
indicating at least one possibly shorted printhead of the N printheads when the second- 
circuit voltage at the first decay time is less than the third voltage. In one extension of 
this method, if step g) indicated at least one possibly shorted printhead, there are also 

1 5 included the steps of testing one printhead at a time with the other printheads removed 
from the printer and indicating that the one printhead is a shorted printhead if the 
voltage at the first decay time is less than the second voltage. 

Several benefits and advantages are derived from one or more of the 
methods of the invention. Using, with the same RC circuit decay voltage limit, a shorter 

20 decay time when testing two printheads than when testing one printhead or using, with 
the same RC circuit decay time, a lower decay voltage limit when testing two printheads 
than when testing one printhead allows the detection of at least one possibly shorted 
printhead with fewer false short indications than using conventional two printhead short 
detection methods. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a circuit diagram of a first circuit, including a calibration 
resistor, used in a first method of the invention; 

Figure 2 is a circuit diagram of a second circuit, including first and 
30 second printheads, used in the first method; 

Figure 3 is a voltage-time graph of the RC decay voltage corresponding 
to the circuits of figures 1 and 2; 
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Figure 4 is a circuit diagram, as in Figure 2 but without the second 
printhead, used in an extension of the first method; and 

Figure 5 is a circuit diagram, as in Figure 2 but without the first 
printhead, used in an extension of the first method. 

5 

DETAILED DESCRIPTION 

Referring to Figures 1-3, a first method of the invention is for detecting 
at least one possibly shorted printhead in a printer having first and second printheads 10 
and 12 in parallel which are supplied a voltage from the output of a voltage source 14. 

10 The first method includes steps a) through g). Step a) includes obtaining a calibration 
resistor 16 having a resistance which, when placed in parallel to the voltage source, is 
equivalent to a predetermined maximum leakage current of a single non-shorted 
printhead in a quiescent state. It is noted that a printhead in a quiescent state is an 
inactive printhead having no activated printhead components. Step b) includes 

1 5 disposing the calibration resistor 1 6 and a capacitance load 1 8 in parallel across the 
output of the voltage source 14 to define a first circuit 20 (as seen in figure 1). Step c) 
includes, with the first and second printheads 10 and 12 electrically isolated from the 
first circuit 20, determining a first-circuit decay time 22 for the first-circuit voltage 24 
across the capacitance load 18 to reach a second voltage 26 from a first voltage 28 after 

20 the voltage source 14 is disconnected from the first circuit 20 (as illustrated in figure 3). 
Examples of being "electrically isolated from" include, without limitation, being 
physically removed from and being disconnected from through an open switch. Step d) 
includes determining a second decay time 30 which is shorter than the first decay time 
22. Step e) includes disposing the first and second printheads 10 and 12 and the 

25 capacitance load 18 in parallel across the output of the voltage source 14 to define a 
second circuit 32 (as seen in figure 2). Step f) includes, with the calibration resistor 16 
electrically isolated from the second circuit 32 and with the first and second printheads 
10 and 12 in a quiescent state, determining the second-circuit voltage 34 across the 
capacitance load 18 at the second decay time 30 after the voltage source 14 is 

30 disconnected from the second circuit 32. Step g) includes indicating at least one 

possibly shorted printhead of the first and second printheads 10 and 12 when the 

second-circuit voltage 34 at the second decay time 30 is less than the second voltage 26 

(as indicated in figure 3 wherein point 36 is the second-circuit voltage 34 at the second 
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decay time 30 which is seen to be less than the second voltage 26). Examples of being 
"electrically isolated from" include, without limitation, being physically removed from 
and being disconnected from through an open switch. 

In one application of the first method, steps b) and c) are empirically 
5 performed (with the voltage source charging up the capacitance load and then being 
disconnected, and with the voltage across the capacitance load then being monitored as 
it decays), and in another application, they are mathematically performed from the 
known RC voltage decay equation, as is within the ordinary capabilities of those skilled 
in the art. It is noted that in one construction, not shown, a generalized circuit comprises 

10 the capacitance load, the calibration resistor, and the first and second printheads coupled 
in parallel to the output of the voltage source, wherein the disposing and electrical 
isolation in steps b) and c) are accomplished by physically removing the first and second 
printheads from the generalized circuit to define the first circuit, and wherein the 
disposing and electrical isolation in steps e) and f) are accomplished by disconnecting 

1 5 the calibration resistor from the generalized circuit using a switch to define the second 
circuit. In one enablement of the first method, the second decay time 30 is determined 
to be equal to the decay time for the first circuit voltage 24 to reach the second voltage 
26 when the calibration resistor 1 6 in the first circuit 20 is replaced by a resistor (not 
shown) having an equivalent resistance to the resistance of two calibration resistors 16 

20 connected in parallel. The second decay time can be empirically and/or mathematically 
determined, as is within the ordinary level of skill of the artisan. In one example, an 
ADC (analog-to-digital converter), not shown, is used to measure voltages. 

In one embodiment, the first voltage is 10.8 volts dc (which is the 
printhead voltage for the printer), the calibration resistor 16 provides a known load of 

25 150 milliamps, and the capacitance load is 440 microfarads. In one enablement of the 
first method, the second decay time 30 is determined to be in a range extending from 
70% to 90% of the first decay time. It is noted that some shorted printheads would be 
called good using a percentage below 70% and that some good printheads would be 
called shorted using a percentage above 90%. In other enablements, percentages below 

30 70% and above 90% are used which provide some benefit. In one variation, the second 
decay time is determined to be 80%, plus or minus 2%, of the first decay time. In one 
construction, the voltage source 14 is a printhead regulator 38. 
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One extension of the first method, which also is for detecting when the 
first printhead 10 is a shorted printhead, also includes, when step g) indicates at least 
one possibly shorted printhead, steps h) through j). Step h) includes disposing the first 
printhead 10 and the capacitance load 18 in parallel across the output of the voltage 
5 source 14 to define a third circuit 40 (as seen in figure 4). Step i) includes, with the 
calibration resistor 16 and the second printhead 12 electrically isolated from the third 
circuit 40 and with the first printhead 10 in a quiescent state, determining the third- 
circuit voltage (not shown) across the capacitance load 1 8 at the first decay time 22 after 
the voltage source 14 is disconnected from the third circuit 40. Step j) includes 
10 indicating that the first printhead 10 is a shorted printhead when the third-circuit voltage 
at the first decay time 22 is less than the second voltage 26. 

One modification of the one extension, which also is for detecting when 
the second printhead 12 is a shorted printhead, also includes steps k) through m). Step 
k) includes disposing the second printhead 12 and the capacitance load 18 in parallel 
15 across the output of the voltage source 14 to define a fourth circuit 42 (as seen in figure 
5). Step 1) includes, with the calibration resistor 16 and the first printhead 10 electrically 
isolated from the fourth circuit 42 and with the second printhead 12 in a quiescent state, 
determining the fourth-circuit voltage (not shown) across the capacitance load 18 at the 
first decay time 22 after the voltage source 14 is disconnected from the fourth circuit. 
20 Step m) includes indicating that the second printhead 12 is a shorted printhead when the 
fourth-circuit voltage at the first decay time 22 is less than the second voltage 26. 

In one employment of the first method, the second voltage 26 is equal to 
substantially 36.7% of the first voltage 28. This is equivalent to having the first decay 
time equal one tau (one time constant), which is the product of the calibration resistor 16 
25 times the capacitance load 18, as can be appreciated by those skilled in the art. In one 
arrangement employing the first method, the printer is an inkjet printer, and the first and 
second printheads 10 and 12 are inkjet printheads. As can be appreciated by the artisan, 
the first method can be generalized to a method for detecting at least one possibly 
shorted printhead in a printer having N printheads. In the generalized method, the 
30 expression "N printheads" replaces the expression "first and second printheads" in the 
previously described steps c) and e) through f). 

Referring again to Figures 1-3, a second method of the invention is for 

detecting at least one possibly shorted printhead in a printer having first and second 
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printheads 10 and 12 in parallel which are supplied a voltage from the output of a 
voltage source 14. The method includes steps a) though g). Steps a) through c) of the 
second method are identical to previously-described steps a) through c) of the first 
method. Step d) includes determining a third voltage 44 (indicated by point 44 in figure 
5 3) which is less than the second voltage 26. Step e) of the second method is identical to 
previously-described step e) of the first method. Step f) includes, with the calibration 
resistor 16 electrically isolated from the second circuit 32 and with the first and second 
printheads 10 and 12 in a quiescent state, determining the second-circuit voltage 34 
across the capacitance load 18 at the first decay time 22 after the voltage source 14 is 

10 disconnected from the second circuit 32. Step g) includes indicating at least one 
possibly shorted printhead of the first and second printheads 10 and 12 when the 
second-circuit voltage 34 at the first decay time 22 is less than the third voltage 44 (as 
indicated in figure 3 wherein point 46 is the second-circuit voltage 34 at the first decay 
time 22 which is seen to be less than the third voltage 44). 

15 In one enablement of the second method, the third voltage 44 is 

determined to be equal to the first circuit voltage 24 at the first decay time 22 when the 
calibration resistor 16 in the first circuit 20 is replaced by a resistor (not shown) having 
an equivalent resistance to the resistance of two calibration resistors 16 connected in 
parallel. 

20 In one embodiment, the first voltage is 10.8 volts dc (which is the 

printhead voltage for the printer), the calibration resistor 16 provides a known load of 
150 milliamps, and the capacitance load is 440 microfarads. In one enablement of the 
second method, the third voltage 44 is determined to be in a range extending from 70% 
to 90% of the second voltage 26. It is noted that some shorted printheads would called 

25 good using a percentage below 70% and that some good printheads would be called 
shorted using a percentage above 90%. In other enablements, percentages below 70% 
and above 90% are used which provide some benefit. In one variation, the third voltage 
44 is determined to be 80%, plus or minus 2%, of the second voltage 26. 

The other previously-discussed aspects of the first method, and 

30 extensions thereof, are equally applicable to the second method, as can be appreciated 
by the artisan. 

Several benefits and advantages are derived from one or more of the 

methods of the invention. Using, with the same RC circuit decay voltage limit, a shorter 
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decay time when testing two printheads than when testing one printhead or using, with 
the same RC circuit decay time, a lower decay voltage limit when testing two printheads 
than when testing one printhead allows the detection of at least one possibly shorted 
printhead with fewer false short indications than using conventional two printhead short 
5 detection methods. 

The foregoing description of several methods of the invention, and 
extensions thereof, has been presented for purposes of illustration. It is not intended to 
be exhaustive or to limit the invention to the precise procedures and forms disclosed, 
and obviously many modifications and variations are possible in light of the above 
10 teaching. It is intended that the scope of the invention be defined by the claims 
appended hereto. 
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